Abstract. Certain studies have indicated that naringin possesses various pharmacological activities including anti-aging, anti-oxidation, anticancer, cardiovascular and cerebrovascular disease prevention, in addition to anti-hepatic effects. The present study explores the anticancer effect of naringin on human small cell lung cancer H69AR cells. Cell growth and apoptosis rates of H69AR cells were measured by MTT or flow cytometry, which demonstrated naringin suppressed cell growth and induced apoptosis of H69AR cells. MicroRNA (miR)-126 expression and levels of phosphorylated protein kinase B (AKT), mechanistic target of rapamycin (mTOR), nuclear factor (NF)-κB and vascular cell adhesion molecule 1 (VCAM-1) proteins were detected by quantitative polymerase chain reaction and western blotting. It was identified that naringin increased miR-126 expression and suppressed the phosphorylation of AKT, mTOR, NF-κB and VCAM-1 proteins in H69AR cells. Suppression of miR-126 expression reduced the anticancer effects of naringin on H69AR cells, reversed the naringin-induced reduction of phosphoinositide 3-kinase/AKT/mTOR, and suppressed VCAM-1 protein levels. However, close of miR-126 expression did not affect the levels of NF-κB protein in H69AR cells. In summary, naringin exhibits its anti-cancer effect by suppressing cell growth of small cell lung cancer cells through miR-126/VCAM-1 signaling pathway.
Introduction
Small cell lung cancer (SCLC) is a type of invasive malignant tumor, accounting for ~13% of lung cancer (1) . It is characterized by marked invasiveness, high grade malignancy, high risk of early metastasis and poor prognosis. High metastases ability and relapse following drug resistance are the primary causes for this poor prognosis in patients with SCLC (2) . The initiation, progression, treatment resistance and relapse of tumors are associated with metastasis. These are the primary factors responsible for the intractable and stubborn properties of this type of tumor (3) . Identification of biological characteristics and exploration of novel targets for diagnosis and treatment methods are of important theoretical significance and clinical value.
MicroRNA (miRNA) are single stranded noncoding nuclear acid molecules with a length of 18-24 nucleotides and high levels of evolutionary conservation. Certain miRNAs constitute the RNA-induced silencing complex (RISC), together with other proteins (4) . Subsequent to the RlSC protein complex combining with mRNA, the complex will begin to splice mRNA or block mRNA translation, consequently causing mRNA degradation or translation inhibition (5) . It participates in a variety of important biological processes including cell differentiation, proliferation and apoptosis, hormone secretion and tumor formation in plants and animals (6) . The results of bioinformatics predictions have indicated that each miRNA may regulate 1,000s of target genes (7) . miRNAs have potential effects on almost every genetic pathway and regulate different biological processes.
An adhesion molecule is a bio-macromolecule that mediates the binding between cells, and between cells and the extracellular matrix, and serves an important role in maintaining the normal structures of tissues and homeostasis of various pathophysiological processes including the inflammatory and immune responses, blood coagulation, formation of thrombosis and the invasion and metastasis of malignant tumors (8) . Based on their structures, adhesion molecules may be grouped into various families: The integrin family, selectin family, immunoglobulin superfamily, E-cadherin family and other families, among which intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) are the most important types, and serve vital roles in regulating the binding between cells, and between cells and the extracellular matrix (9) . In addition, ICAM-1 and VCAM-1 are also involved in a number of physiological and pathological processes including the immune response, inflammation and the development and metastasis of tumors (10).
miR-126/VCAM-1 regulation by naringin suppresses cell growth of human non-small cell lung cancer
A previous study indicated that the antioxidant activity of naringin ( Fig. 1) is markedly increased compared with that of compounds from Pomelo (11) . A further study suggested that naringin exhibits anti-atherosclerosis and anticancer effects, and also improves myocardial ischemia and immune regulation (12) . Naringin exhibits notable anti-oxidant, anti-inflammatory and anti-tumor effects (13) . The present study hypothesized that the anticancer effect of naringin involves the suppression of cell growth and induction of apoptosis in human SCLC cells, and analyzed the potential mechanisms of action.
Materials and methods
Cell culture. The human H69AR SCLC cell line was purchased from the Affiliated Hospital of Hebei University (Baoding, China), and grown in RPMI-1640 medium (Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% FBS (Thermo Fisher Scientific, Inc.) and penicillin/streptomycin at 37˚C in an environment containing 5% CO 2 .
Cell proliferation assay. A total of 1.2x10 6 H69AR cells/well were plated in 6-well plates and treated with 6, 12 and 25 µg/ml naringin for 24 h at 37˚C. The old medium was then removed, and 200 µl MTT (0.5 µmol/l) was added into the wells and incubated for 4 h at 37˚C. A total of 150 µl dimethyl sulfoxide was added into each well and shaken for 20 min. The absorbance was detected using a microplate reader (SpectraMax ® M2; Molecular Devices, LLC, Sunnyvale, CA, USA) and read at a wavelength of 570 nm.
Apoptosis and flow cytometry. A total of 1.2x10 6 H69AR cells/well were plated in 6-well plates and treated with 6, 12 and 25 µg/ml naringin for 24 h. H69 cells was washed and collected via centrifugation 2,000 x g for 5 min at 4˚C. H69 cells were fixed with 4% paraformaldehyde for 15 min at room temperature and re-suspended using buffer solution (eBioscience; Thermo Fisher Scientific, Inc.), and then 5 µl Annexin V (eBioscience; Thermo Fisher Scientific, Inc.) was added into every well and stained for 30 min in darkness, on ice at 37˚C, and H69 cells were stained with 10 µl propidium iodide in darkness for 15 min at room temperature. Cells were measured using a FACSCalibur flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA) and analyzed using Flowjo 7.6.1 (FlowJo, LLC, Ashland, OR, USA).
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
A total of 2x10 6 cells/well were plated in 6-well plates and treated with 6, 12 and 25 µg/ml naringin for 24 h. Total RNA was isolated from treated H69 cells using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and the expression level of miR-126 was determined by a RT-qPCR assay. cDNA was transcribed using High-Capacity cDNA Reverse Transcription kit (Applied Biosystems; Thermo Fisher Scientific, Inc.). qPCR was performed with FastStart SYBR Green Master Mix (Invitrogen; Thermo Fisher Scientific, Inc.) and ABI 7900 HT sequence detection system. The PCR thermocycler conditions used were: 95˚C for 10 min, followed by 35 cycles of 45 sec at 95˚C, 45 sec at 60˚C and 60 sec at 72˚C, then samples were stored at 4˚C until use. The primer sequences used are as follows: microRNA-126, forward, 5'-UCG UAC CGU GAG UAA UAA UGC G-3' and reverse, 5'-CAU UAU UAC UUU UGG UAC GCG-3'; U6, forward, 5'-ATT GGA ACG ATA CAG AGA AGA TT-3' and reverse, 5'-TGG TGA AGA CGC CAG TGG A-3'. The 2 -∆∆Cq method was used to measure microRNA-126 expression (14) .
Western blotting. Cells were collected and resuspended in RIPA assay (Beyotime Institute of Biotechnology) for 20 min on ice. The cell mixture was centrifuged at 12,000 x g at 4˚C for 10 min, and the supernatants were collected to determine the protein concentration using Enhanced BCA Protein Assay Kit (catalog no., P0009, Beyotime Institute of Biotechnology). A total of 50 mg of protein lysates were separated in 10% SDS-PAGE and blotted onto polyvinylidene difluoride membranes (Bio-Rad Laboratories, Inc.). The membranes were blocked with 5% non-fat milk at room temperature for 1 h, and incubated with the appropriate dilution of each primary antibody: Phosphoinositide 3-kinase (PI3K; cat no. sc-7174; 1:500), phosphorylation protein kinase B (p-AKT; cat no. sc-7985-R; 1:500), phosphorylation mechanistic target of rapamycin (p-mTOR; cat no. sc-101738; 1:1,000), nuclear factor (NF)-κB (cat no. sc-109; 1:500), VCAM-1 (cat no. sc-8304; 1:500) and GAPDH (cat no. sc-25778; 1:1,000; all from Santa Cruz Biotechnology, Inc., CA, USA) overnight at 4˚C. The membranes were probed with anti-rabbit horseradish peroxidase-conjugated secondary antibodies (cat no. sc-2004; 1:5,000; Santa Cruz Biotechnology, Inc.) for 1 h at 37˚C. The protein bands were visualized using BeyoECL Star (Beyotime Institute of Biotechnology) and analyzed using Image_Lab_3.0 software (Bio-Rad Laboratories, Inc.).
Transfection with miR-126. A total of 2x10
6 cells/well were plated in 6-well plates and transfected with miR-126 (5'-UCG UAC CGU GAG UAA UAA UGC G-3' , Sangon Biotech Co., Ltd., Shaghai, China) and control miRNA mimics (5'-CAG UAC UUU UGU GUA GUA CAA-3', Sangon Biotech Co., Ltd.) at a final concentration of 50 nM using Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) for 6 h at 37˚C. Then, the old RPMI-1640 medium was removed and new RPMI-1640 medium (Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 25 µg/ml naringin, was introduced following transfection complexes for 24 h.
Statistical analysis. Data were presented as the mean ± standard deviation. Data were analyzed via one-way analysis of variance with Tukey's post-hoc test using SPSS software, version 16.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Anticancer effect of naringin on cell proliferation of the H69 cell line. To understand the anticancer effect of naringin, namely the suppression of cell growth in small cell lung cancer cells, the SCLC H69 cell line was treated with 6, 12 and 25 µg/ml naringin for 24 h. The results demonstrated that naringin suppressed cell growth of the small cell SCLC lung cancer H69 cell line in a dose-dependent manner (Fig. 2) .
In particular, the suppression of cell growth in the SCLC H69 cell line was statistically significant following treatment with 12 or 25 µg/ml naringin for 24 h, compared with control.
Anticancer effect of naringin on apoptosis of the H69 cell line. To investigate the inhibitory effects of naringin on SCLC H69 cell apoptosis, levels of apoptosis were detected using flow cytometry. Naringin-induced cell apoptosis of the SCLC H69 cell line was observed, which was statistically significant when treated with 12 or 25 µg/ml naringin at 24 h, compared with control (Fig. 3) .
Anticancer effect of naringin on miR-126 in the H69 cell line.
To additionally evaluate the mechanism of the anti-tumor effects of naringin in the SCLC H69 cells, the expression of miR-126 was measured using RT-qPCR. As demonstrated in Fig. 4 , the expression of miR-126 was markedly increased following treatment with 12 or 25 µg/ml naringin.
Anticancer effect of naringin on PI3K/AKT, mTOR, NF-κB and VCAM-1 in H69 cells.
To verify the mechanism of action of naringin on the PI3K/AKT pathway in H69 cells, PI3K/AKT, mTOR, NF-κB and VCAM-1 protein levels were measured using western blotting. Compared with the 0 µg/ml naringin-treated group, PI3K, phosphorylated (p)-AKT, p-mTOR, NF-κB and VCAM-1 protein levels were significantly suppressed by treatment with 12 or 25 µg/ml naringin (Fig. 5) .
Overexpression of miR-126 on the effect of naringin on cell growth.
To identify the role of miR-126 in the effect of naringin on cell growth of H69 cells, miR-126 and negative control miRNA were transfected into H69 cells. When compared with an additional small interfering control, the expression of miR-126 was markedly increased in H69 cells (Fig. 6) . miR-126 overexpression augmented the inhibitory effect of naringin on cell growth in H69 cells, compared with negative control (Fig. 6) .
Overexpression of miR-126 on the effect of naringin on PI3K/AKT, mTOR, NF-κB and VCAM-1 signaling pathway.
The role of miR-126 in p-AKT, p-mTOR, NF-κB and VCAM-1 protein in H69 cells was investigated. As demonstrated in Fig. 7 , the decrease in the phosphorylated protein levels suggested that the activity of the PI3K/AKT/mTOR signaling pathway in the 25 µg/ml naringin-treated group or negative control was decreased compared with of 0 µg/ml naringin-treated group. Notably, the expression of p-AKT, p-mTOR, NF-κB and VCAM-1 protein levels observed in the miR-126 overexpression group was markedly inhibited in H69 cells treated with naringin, compared with that of the negative control (Fig. 7) .
Discussion
Lung cancer is a highly malignant neoplastic disease. In addition, its morbidity rate has demonstrated an increasing trend year-on-year (5). In previous years, with the increase in anti-smoking efforts, its morbidity has demonstrated a decreasing trend. According to statistics from the United States of America, there were ~172,570 patients with lung cancer, including 93,010 males and 79,560 females, ranking second among all incident tumor diseases (15) . Of all cancer mortalities in the USA in that year, males with lung cancer accounted for 31% and females for 27% (16) . According to a study from the World Health Organization in 2000, the global mortalities from lung cancer accounted for 19% of all mortalities from malignant tumors, and it was the most common cause of malignant tumor mortality (17) . To the best of the author's knowledge, the present study demonstrated for the first time that the anticancer effect of naringin involved the suppression of cell proliferation and the induction of apoptosis in H69 cells.
Previous studies indicate that naringin suppressed cell growth of HeLa cervical cancer cells (18) , human triple-negative breast cancer cells (19) and P388 cells (20) . Therefore, it is hypothesized that naringin may be used as an effective anticancer agent for therapy in lung cancer.
miRNA serve an important regulating role in cell growth, differentiation, apoptosis, fat metabolism and other cellular processes in plants and animals (5) . Abnormal miRNA expression is closely associated with the development of human tumors. It may function as an oncogene or tumor # P>0.05 vs. 25 µg/ml naringin-treated group; ## P<0.01 vs. 0 µg/ml naringin-treated group; ### P<0.01 vs. 25 µg/ml naringin-treated group. VCAM-1, vascular cell adhesion molecule 1; NF-κB, nuclear factor κB; mTOR, mechanistic target of rapamycin; PI3K, phosphoinositide 3-kinase; AKT, protein kinase B; p, phosphorylated; miR, microRNA; Negative, negative mimics group. suppressor gene during tumorigenesis (4) . High expression levels of miR-16 in SCLC have been verified by applying qPCR methods, and its potential specific target genes have been indicated (21) . The present study identified that pretreatment with naringin activated miR-126 expression in the H69 cell line, and Tan et al (22) suggested that naringin suppresses cell growth of chondrosarcoma migration via activation of miR-126. These results indicate that naringin may be a novel and useful anticancer agent for lung cancer therapy that functions through miR-126 expression.
In previous years, the effects of the PI3K/Akt/mTOR signaling pathway on human tumors have been of primary research concern (23) . Activation of the PI3K/Akt/mTOR signaling pathway commonly occurs in human tumors (24) through a variety of mechanisms, including gene mutation, reduction of the expression of the cancer suppressor gene Phosphatase and tensin homolog, mutation or amplification of PI3K, mutation or amplification of Akt and gene receptor activation (25) . In addition, the activation of PI3K/Akt/mTOR signaling pathway may lead to poor prognostic effects in a variety of tumors. It may cause drug resistance, reverse drug resistance inhibition of the pathway and improve in vitro and in vivo chemotherapy and radiation therapy effects (26) . Consequently, in-depth studies on the detailed mechanisms of this pathway are required. In the present study, it was observed that naringin suppressed the PI3K/Akt/mTOR and NF-κB signaling pathways and activated miR-126 expression in H69 cells. Concurrently, it was also identified that overexpression of miR-126 enhanced the naringin-mediated suppression of cell proliferation and PI3K/Akt/mTOR signaling pathway, however did not affect the NF-κB signaling pathway. Lee et al (27) suggested that naringin inhibits the PI3K/AKT/mTOR pathway in tumor necrosis factor-α-treated vascular smooth muscle cells.
The invasion and metastases of malignant tumors are complicated biological phenomena, in which cell adhesion serves a vital role (8) . VCAM-1 was activated by inflammation (8) . In addition, it is also expressed in dendritic cells, including macrophages and placental trophoblastic cells, B-lymphocytes, smooth muscle cells, fibroblast cells and certain epithelial cells of the kidney (28) . VCAM-1 is involved in a variety of biological processes, with a wide range of biological functions, including the adhesion of white blood cells, regulation of inflammatory response, activation and transduction of signals, proliferation and differentiation of cells and tissues, immune response, mobilization of hematopoietic stem cells and other important physiological and pathological processes (29) . In particular, numerous studies have verified that VCAM-1 is highly expressed in tumors, and it has been demonstrated that a high level of VCAM-1 expression is present in the tissues and blood samples of breast carcinoma, nasopharyngeal carcinoma and liver carcinoma (30) .
In conclusion, the present study identified the anticancer effect of naringin; that it suppresses cell growth and induces apoptosis in SCLC cells through the miR-126/PI3K/AKT/mTOR pathway, potentially through the overexpression of miR-126. Additional studies are required to understand the anticancer effect of naringin in the growth and apoptosis of tumors in vivo.
